Abstract. The latest version of RegCM4 with CLM4.5 as land surface scheme was used to 
(RegCM4) has been improved with substantial development of the software code and of the 70 physical representations and with the introduction of CLM (version 3.5 71 and 4.5) as an option to describe land surface processes. Previously it was Biosphere- of RegCM4 when using CLM (RegCM4-CLM4.5) needs to be assessed and sensitivities tests 79 have to be conducted on physical processes parameterization to find the optimal configuration 80 of the RCM for a given region and to give the relevant information to RCM users.
81
Among different physical processes in climate models, the convective parameterization is assumption is more suitable to downscale the diurnal cycle of rainfall over Central Africa.
100
However, none of these studies have attempted to investigate a sensitivity study of the This study investigates the performance of RegCM4-CLM4.5 over West Africa using 104 different convection schemes in the aim to identify the "best" configuration option for the 105 region. It is worth noting that the few previous similar sensitivity studies conducted in the 106 region was performed using BATS as land surface scheme and involved less convective respectively for momentum and heat (and also moisture).
132
The soil-vegetation-atmosphere interaction processes are parameterized using Community (Emanuel, 1991) , the Grell scheme (Grell, 1993) 
Convective schemes

143
The convective precipitation parameterizations used in this study are Tiedke (1989), Emanuel
144
(1991) and Grell (1993) schemes.
145
The Emanuel (1991) scheme assumes that the mixing in clouds is highly episodic and 
Numerical experiments and methodology
173
Five experiments using the convection schemes of (1) Emanuel over land and Grell over where is the mean and the standard deviation of temperature bias.
192
The PDF is characterized by its bell shaped curve, the temperature biases distribute We focus our analysis on the precipitation and on the air temperature at 2m in the summer of using the convection schemes: Mix1, Emanuel, Grell, Tiedtke and Mix2 (resp. Fig. 2c-g ).
238
Figure 3 shows the associated mean model biases with areas statically significant at 95% of 239 confidence level (The dotted area denotes differences which are statistically significant at a 240 significance level of 0.05) relatively to CRU for observation (UDEL; Fig.3a ) and the model 241 simulations (Fig. 3b-f) . Table 1 show that the spatial distribution of the temperature biases is statically significance at 0.05 248 levels over most of the domain study. Except over the Guinea coast region and Cameron
249
Mountains. The UDEL observation (Fig. 2b) shows similarity with CRU in terms of spatial 250 distribution with PCC larger than 0.98 over the entire West African domain (see Table 1 ).
251
However, UDEL depicts a sparse distribution with a mixture of warm and cold bias over the For a quantitative evaluation of the performance of these sensitivity tests, the PDF statistical Table 1 ). For Central Sahel region (Fig. 4b ) a warmer bias is found 277 in Tiedtke simulation, while a colder bias is found in Grell and Mix2 configurations (see Fig.   278 4b). Emanuel configuration shows a lower value of RMSD about 0.67°C and a higher PCC Africa in TRMM compared to GPCP. We therefore select, for precipitation, GPCP as our 294 main observational reference in this paper. Figure 6 shows the corresponding precipitation 295 mean biases with statically significant at 95% of confidence level (The dotted area denotes 296 differences which are statistically significant at a significance level of 0.05) relatively to 297 GPCP for TRMM (Fig 6a) and for the different simulations configurations (Mix1, Emmanuel,
298
Grell, Tiedtke and Mix2; Fig 6b-f respectively) . GPCP depicts a zonal band of rainfall 299 decreasing from North to South (see Fig. 5a ). Precipitation maxima are found in orographic 300 regions of Guinea highlands, Jos Plateau, and Cameroon Mountains. The Figure 6 show that 301 the spatial distribution of the precipitation biases is statically significance at 0.05 levels over 302 almost the domain study. Differences between TRMM and GPCP observation products (Table   303 2) can reach up to -5.26% at sub-regional levels, while over the entire West Africa it does not 304 exceed 0.82%. Although both observation products exhibit some differences (Fig.6a) dominant feature in these simulations is the dry bias over West Africa domain (Fig. 6b-f) , 312 which is more pronounced in the Tiedtke configuration (see Table 2 ). The warmer bias over
313
Central Sahel in Tiedtke configuration (Fig.3e) is consistent with the drier bias found in the 314 same region (see Table 2 and Fig.6e) , as less rainfall would induce less evaporative cooling (Fig. 7) .
326
The AEJ is the most prominent feature affecting the West African Monsoon through its role 327 in organizing convection and precipitation over the region (Cook, 1999; Diedhiou et al., 1999 ; The underestimation of vertically integrated water vapor mixing ratio is larger in Grell and
335
Mix2 simulations (Fig. 7 c, e) over the Guinea Coast and Atlantic Ocean compared to those of 336 Mix1, Emanuel and Tiedtke (Fig. 7 a, b, e) . Mix1 and Emanuel configurations reproduce 337 better the spatial extent of the moisture convergence than the others model configurations 338 (Fig.7b, c) . All model configurations simulate a stronger easterly wind flux (AEJ) than 
360
Based on previous experience and studies, Gao and al. (2016) noted that use of the Emanuel 361 convection scheme in RegCM3 and RegCM4 over China tends to simulate too much 362 precipitation when using BATS as the land surface scheme. They explained that it is mainly 363 due to the fact that the Emanuel scheme responds quite strongly to heating from the surface 364 land as compared to Grell and Tiedtke convection schemes, once convection is triggered.
365
BATS with only two soils levels depth maximizes this response; this is why Emmanuel is too 366 wet when using BATS as compared to Grell and Tiedtke. By contrast, CLM uses several soil 367 layers down to a depth of several meters; therefore, the upper soil temperatures respond less 368 strongly to the solar heating. Precipitation amount is much reduced when using CLM, which This figure shows that the cores of the different phases are well marked in TRMM than in 389 GPCP (resp. Fig.9a, b) . TRMM observation shows a first rainy season from mid-March up to 390 mid-June over the Gulf of Guinea and Guinea Coast with a northward extension of the rain 391 belt up to about 5°N (Fig.9b) . The monsoon jump is characterized by a sudden cessation of 392 precipitation intensities Janicot, 2000, 2003) and occurs from mid-June to early 393 July, when the rain band core moves suddenly northward to about 10°N (Fig.9b) . This August and it is well shown by GPCP (Fig.9a) , with a decrease in intensity and a southward 397 migration of the rain band. There are both similarities and differences across the two 398 observation datasets TRMM and GPCP. Both datasets agree in area of rainfall maximum 399 intensity around 4°N despite a more intense peak of rainfall for TRMM compare to GPCP 400 (resp. Fig.9a, b) . The monsoon jump characterized by a discontinuity sharp is not well defined 401 in GPCP compared to TRMM. In addition, GPCP shows wet conditions during the retreat 402 phase in July to September compared to TRMM (Fig.9a, b) . Fig. 9c, g ). Generally, the three monsoon phases are well shown by Grell 411 simulation, albeit it is drier compared to the others model simulations.
412
Another analysis of the annual cycle consists of considering the area-averaged (land-only grid 413 points) value of monthly rainfall and temperature over the Gulf of Guinea, the Central Sahel African domain. Over the Guinea Coast (Fig 10a) , both GPCP and TRMM observations show to observations compared to the others model simulations.
424
In both Central Sahel and West Sahel, observations (GPCP and TRMM) display a dry spring
425
(from January to March) and winter (from October to December) and a wet summer (from
426
June to September) with a well-defined peak occurring in August. Model configurations 427 reproduce both phase of the annual cycle and the observed rainfall peak in August except 428 Emanuel configuration which shifts it in September over West Sahel region. Model 429 simulations underestimate the peak intensity compare to observations. However Mix1 430 configuration rainfall peak is much closer to observation for both Central Sahel and West
431
Sahel regions (resp . Fig 10b, d) compared to the others model simulations. Over the entire
432
West African domain, the annual cycle (Fig 10c) is smoother with a notable shift of the peak (Fig. 11a) . Models configurations present similar seasonal variation 444 of the mean monthly temperature at 2 m compared to observations, but do exhibit some 445 differences.
446
Over Guinea Coast model simulations underestimate the magnitude of the temperature 447 compared to observations. However, Tiedtke configuration is higher and much closer to 448 observations compared to the others model simulations throughout the year (Fig.11a) . Over and 10°E for ERA-Interim (Fig.12a) and model configurations in Mix1, Emmanuel, Grell,
15
Tiedtke and Mix2 convection schemes (resp. Fig.12 b-f) . The reanalyse ERA-Interim (Fig.   475 12a) displays the monsoon flow winds below 800 hPa at 2-18°N with two cores merged over The main findings and conclusions can be summarized as follows: 
